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ABSTRACT

Objectives Increasing physical activity and effectively
managing stress can positively impact immunity and may
reduce the duration of respiratory tract infections (RTIs).
As part of a larger trial, participants accessed a digital
behavioural change intervention that encouraged physical
activity and stress management to reduce RTIs. We aimed
to understand the barriers and facilitators to engaging in
physical activity and stress reduction.

Design A qualitative process analysis from semistructured
interviews of the behavioural intervention in a randomised
control trial.

Setting Primary care in the UK.

Participants 34 participants (aged 18-82 years) in the
behavioural intervention arm.

Interventions The larger trial involved four interventions:
a gel-based antiviral nasal spray; a saline water-based
nasal spray; a behavioural intervention; usual care. In

this study, we focused on participants allocated to the
behavioural intervention. The behavioural intervention
included two components: one to increase physical activity
(getting active) and another for stress management
techniques (healthy paths) to reduce RTIs.

Results We analysed the interviews using thematic
analysis with a critical realist perspective (focusing on). We
developed five themes: digital intervention engagement,
views on intervention allocation, the role of getting

active, the role of healthy paths and benefits reinforcing
behaviour. Participants’ views on the relevance and benefit
of the behavioural intervention shaped their engagement
with the intervention website and behaviour. Facilitators of
intervention engagement included awareness of inactivity,
goal setting, increasing immunity, positive outcome
expectations and benefits from changing behaviour.
Barriers to engagement included negative outcome
expectations, such as around efficacy of the behaviours.
Conclusions Overall, the results highlighted the
importance of positive expectations for a digital
intervention promoting physical activity and stress
management for RTI reduction. Future interventions should
consider how to clearly communicate a broad range of
perceived benefits to users.

Trial registrations The trial was prospectively registered
with International Standard Randomized Controlled Trial
Number (ISRCTN) registry (17936080).
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= We identify contexts and mechanisms that are facil-
itators and barriers for increasing physical activity
and stress management to reduce respiratory tract
infections (RTIs) following a behaviour change digi-
tal intervention.

We created a theory of change model that can in-
form the delivery of future digital interventions that
aim to reduce RTls and lifestyle changes (ie, in-
creasing physical activity and stress management)
in specific populations such as those with weak-
ened immune systems.

Participants volunteered for an intervention to re-
duce RTls through nasal sprays, a behavioural in-
tervention or usual NHS advice. Therefore, they may
have high motivation to reduce RTIs and use the
nasal spray.

BACKGROUND

Most people will experience at least one respi-
ratory tract infection (RTI) a year.' Generally,
RTIs are self-limiting and result in mild to
moderate symptoms,® but can lead to more
severe outcomes and hospitalisation, particu-
larly in vulnerable groups.” RTTs are a leading
cause of general practitioner consultations,”
often resulting in antibiotic prescriptions,
contributing to the growing issue of antibi-
otic resistance.” RTTs also impose significant
economic and personal burdens, such as lost
workdays and diminished quality of life.”

The Immune Defence Study was a
randomised controlled trial (RCT) which
aimed to determine the effectiveness of
approaches to reducing the duration and
incidence of RTIs. One of the interventions
in the trial focused on improving immune
functioning by increasing physical activity
and reducing stress. Systematic reviews show
that physical activity has beneficial effects on
several aspects of immune cell function® and
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reducesillness duration.”® Similarly, a perceived reduction
in stress can boost immunity by decreasing inflammatory
markers’ and increasing immune-related biomarkers."
A digital intervention was provided to increase physical
activity and stress management to reduce RTTs.

The main findings from the Immune Defence trial
showed that participants in the behavioural intervention
reported fewer days with moderately bad symptoms and
fewer courses of antibiotics compared with usual care."'
Other trial outcomes of days of illness, days of work lost
and stress were not different between the behavioural
intervention and usual care.'' In this study, we conducted
a process evaluation that aimed to understand how and
why participants used the digital behavioural intervention
as they did. Previous research has not examined partic-
ipants’ experiences of lifestyle interventions aimed at
reducing RTIs. Guidance for intervention developers and
researchers highlights the need for qualitative studies to
answer questions beyond trial effectiveness, informing
implementation in real-world settings and optimisations
to suit contextual factors.'* We therefore conducted semi-
structured interviews to understand participants’ experi-
ences and identify barriers and facilitators to engaging in
physical activity and stress management. Specifically, we
aimed to understand the potential mechanisms through
which the digital intervention changed physical activity
and stress reduction behaviour and what pre-existing
factors might have influenced these mechanisms.

METHOD

Design

This is a qualitative process evaluation within the
Immune Defence RCT,'' ™? prospectively registered with
International Standard Randomized Controlled Trial
Number (ISRCTN) registry (17936080). Patients were
invited to participate in a study to reduce RTIs from
their GP surgeries. After providing consent, participants
were randomised to one of the four trial interventions:
(1) a gel-based nasal spray; (2) a saline nasal spray; (3)
a behavioural intervention or (4) usual care, all for 12
months. Participants were recruited to the trial across
three recruitment seasons: (1) December 2020-April
2021; (2) September 2021-April 2022 and (3) September
2022-April 2023. The Standards for Reporting Qualita-
tive Research checklist'* was used to guide reporting of
this study, see online supplemental file 1.

Participants

For the inclusion and exclusion criteria for the Immune
Defence trial, see the protocol.”® Participants allocated
to the behavioural intervention arm and gave consent
to be contacted for an interview were purposively and
theoretically sampled based on demographics and char-
acteristics, such as demographics, health conditions,
number of previous RTTs, recruitment season and website
usage. We also used theoretical sampling to explore
different contexts and mechanisms identified in our

initial programme theory or emerging from initial inter-
view findings; for example, we selected participants with
frequent RTIs when early interviews suggested low moti-
vation among those with few RTIs, to examine whether
RTI frequency influenced engagement, for example,
through self-efficacy in line with the social cognitive
theory."” Recruitment continued until data saturation
was reached, meaning no new information was obtained
in the later interviews,'® while maintaining also diversity
across demographics and recruitment seasons.

Digital intervention

The behavioural digital intervention aimed to increase
physical activity and encourage stress management.
It included an introductory section focusing on RTIs,
followed by two previously developed intervention
components: getting active, to increase physical activity,
and healthy paths through stress, to encourage stress manage-
ment. A logic model was used to develop the digital inter-
vention to achieve these aims (see figure 1).

The getting active component was initially developed to
improve cancer survivors’ quality of life'” but was adapted
for people at risk of RTIs. Getting active was developed
using the behaviour change theories of self-determination
theory," social cognitive theory' and habit formation'?
to increase physical activity through four key mecha-
nisms. First, promoting positive outcome expectations
by providing information that physical activity can help
RTIs. Second, improving self-efficacy through advice
on safe physical activity. Third, behavioural regulation
through goal setting, self-monitoring and habit building.
Fourth, addressing concerns about physical activity. A
pedometer was sent to each participant in the behavioural
intervention.

Healthy paths through stress (short name Healthy
Paths) was first developed to reduce emotional distress
for primary care patients.”” Participants could explore a
range of evidence-based techniques and exercises that
fall into the two categories: (1) increasing awareness such
as through mindfulness-based approaches®'; (2) making
changes, for example, behavioural activation strategies®”
like increasing pleasurable activities. Healthy paths
aimed to improve stress management and reduce stress
by providing an accessible framework for managing life
difficulties, coupled with accessible evidence-based tech-
niques and strategies. Healthy paths drew on social cogni-
tive theory,"” working on two key mechanisms: promoting
positive expectations by providing information that stress
management can help RTIs and improving self-efficacy
through training on stress management techniques.

The logic model (see figure 1) incorporated various
contexts thought to influence engagement. For example,
less active, higher-stress participants with minimal stress
management may find the intervention more beneficial,
while already active individuals may perceive it as less rele-
vant.” Reluctance towards psychological techniques may
also reduce engagement in digital interventions.
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Data collection

The interviews were conducted between April 2021
and July 2023 by KG, LD, SH, SM, ]J, all experienced in
conducting interviews. Participants provided consent
through an online form prior to the interview. All
interviews were conducted by phone, lasting 17-81 min
(M=44.89; SD=17.25), audio-recorded and later tran-
scribed verbatim by a professional transcribing service.
The semistructured schedule (see online supplemental
file 1) included 31 open-ended questions, covering
participants’ experiences with RTIs, engagement with the
digital intervention (physical activity and stress manage-
ment), perceived changes, the impact of COVID-19 and
trial procedures.

Patient and public involvement

A patient and public involvement panel, composed of
individuals at risk of or from RTIs, contributed to the
development of the interview schedule alongside other
study materials.

Data analysis

Thematic analysis with a critical realist perspective
was conducted by AD and JJ, who are both psychology
researchers with previous experience of conducting qual-
itative analysis. The first stage involved a thematic analysis.

25 26

|
}
}
}
}

Percieved need of the }»

Secondary: reduced antibiotic use

Main Trial Qutcomes

Logic model of behaviour change for the digital intervention. RTI, respiratory tract infection.

After familiarising themselves with the transcripts, AD
developed descriptive codes and an initial coding manual.
AD and J] then refined the coding manual while analysing
the remaining transcripts. A data-driven approach was
used to develop the descriptive themes, which were
continually examined and refined. Any discrepancies
and inconsistencies were discussed. AD then conducted
a retroductive analysis27 to develop context-mechanism-
outcome (CMO) configurations, where appropriate, to
explain how participants’ beliefs and experience that is
typically in the background of the intervention (C) and
the aspects of the intervention (M), influence physical
activity or stress management behaviour (0).* Then,
we created a theory of change logic model from the
CMO configurations. We analysed the data to inform the
research question that incorporated relevant aspects of
the trial design that could be related to intervention use.
Throughout all stages, members of the team (LY, AWAG,
SM, KG and BA) provided input on the interpretation of
the data and the coherence of the themes.

RESULTS
35 participants were interviewed online at least 3months
after recruitment. Of the 35 participants interviewed,
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Open access

Table 1 Participant characteristics for the behavioural
intervention (N=34)
Frequency Percentage

Age (range 18-82 years old) M=59.68 SD=15.43
Gender N (%)

Female 23 67.6

Male 11 32.4
Ethnicity N (%)

White British 29 85.3

Black 1 2.9

Irish 1 2.9

Indian 1 2.9

Mixed 2 5.9
Education N (%)

No formal 5 14.7

education

GCSE or 5 14.7

equivalent

HND 1 2.9

A level or 2 5.9

equivalent

Degree 10 29.4

Higher degree 2 5.9

Postgraduate 6 17.6

Other 3 8.8
Indices of deprivation M=6.68 SD=2.42
Health conditions? N (%)

Yes 28 82.4

None 6 17.6
Season N (%)

1(2020-2021) 8 23.5

2 (2021-2022) 22 64.7

3(2022-2023) 4 11.8

one participant was removed due to unclear audio,
meaning transcription was not possible. The remaining
34 participants were aged between 18 years and 82 years
old (M=59.68; SD=15.43) and were predominately white
(85.3%) and educated to at least degree level (52.9%)
(see table 1 for more demographic information). In
this sample, fewer participants reported engagement
with healthy paths (n=10) compared with getting active
(n=23) in their interviews.

Five themes were identified: digital intervention engage-
ment, views on intervention allocation, the role of getting
active, the role of healthy paths and benefits of physical
activity and stress management reinforcing behaviour.
See figure 2 for the theory of change logic model.

Digital intervention engagement
This theme revolved around participants’ engagement
in physical activity and stress management with three

3

subthemes: types of physical activity, types of stress
management and crossover between stress management
and physical activity.

Types of physical activity
Some participants engaged in physical activity recom-
mended from the digital intervention such as walking or
housework, and other participants tried physical activity
not recommended by the website that was new to them.
Some of the ways participants engaged in physical activity
could have influenced infection exposure, for example
increasing exposure through exercise classes or reducing
exposure by walking instead of getting the bus.

“I'm trying to meet the 3000-and-whatever target, and I now
know how many steps it is if I walk into town instead of getting
the bus.” (Participant 4)

Types of stress management
Some participants engaged in the stress management
intervention through the website resources such as medi-
tations, whereas others used the website as a starting point
for other stress management techniques.

“I think the website made me consider looking at other
resources.” (Participant 25).

Crossover between stress and physical activity
There was crossover between physical activity and stress
management as healthy paths promoted self-compassion
and mindfulness during physical activity, while physical
activity was used to reduce stress.

“Yes, I'm always keen to do things to reduce stress, and I do
find exercise has probably been my lifesaver.” (Participant 3).

Views on the intervention allocation

This theme focuses on participants’ perspectives on
being allocated to the behavioural intervention arm. This
theme had three subthemes: believing the behavioural
intervention was the less effective intervention, believing
the intervention was relevant and/or beneficial to them
and negativity towards the intervention message around
physical activity.

Behavioural intervention was less effective.
Some participants had signed up to the trial hoping to
receive a nasal spray and were disappointed when they
were allocated to the behavioural intervention. In this
context-specific trial setting, these participants believed
the behavioural intervention was a control intervention
or that the nasal spray would have been the more effective
treatment. In this case, they reported little engagement
with the digital intervention content.
“I didn’t get the nasal spray, so I didn’t get the treatment.”

(Participant 11).

“I probably have skipped through it. It’s because of me being in
that group.” (Participant 6).

CMO configuration 1
If participants signed up to the study hoping to use a
nasal spray and were disappointed to be allocated to the

4
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Context

Mechanism

‘ Qutcome

Felt disappointed to be in o
the behavioural intervention

# Belief they were in the less effective intervention

Less intervention engagement

Felt they did not have enough time or disliked
physical activity

Y

Negativity to message

Mo behaviour change

Perceptions of activity and stress levels and need
fior stress management

h

benefical

Percieved the intervention as relevant and

t with intervention content

.
d
]

Inactive prior to infervention r g Understanding of activity levels Increased physcial activity
g Struggling to overcome obstacles to physcial . . . . .
) eeing L P F g Gioal Setting No change in physical activity
] activity
-
%
g
£ . . L .
Previous perceptions of a link between physcial . . . . . . . .
{3 P DEP. R . . s Expectations of physcial activity on ity > Reduced wormes around infection
activity and immunity
\ Perceived high risk of and from infection f Understanding infection prevention »  Other infection prevention lifestyle changes |
" -/
J/"_ -.‘\\.
( Previous perceptions of a link between stress and ) ) ) \
pefecptian: . ra Expectations of stress on immunity
immunity
“
-
=
B
2 Prior mental or physcial health condition 3= Diesire to improve coping Increased stress management
=
2
=
_— . Megative expections of stress management at Mo change in stress management or
Attnbuting stress to a specific situation > & P . = . e £
reducing stress less consistent use of stress management
o ~
Changed behaviour and percieved benefits F Motivated by benefits 4){ Desire to continue long-term

Figure 2 Theory of change logic model from the results. Note: getting active refers to the component of the digital intervention
that aimed to increase physical activity and healthy paths refers to the component of the digital intervention that aimed to

encourage stress management.

behavioural intervention (C), they appeared to believe
they had been allocated to the less effective treatment
(M) and engaged less with the intervention content (O).

Perceived relevance and benefit of the intervention

Some participants were already physically active, engaged
in stress management or were not stressed before the trial
and, therefore, felt the information was not relevant to
them as it was information they already knew and did not
need support. Some of these participants also expressed
being shocked at being allocated to the behavioural inter-
vention which they thought might have been a result of
their baseline physical activity or stress questionnaire
answers (rather than randomly).

“I'm fairly active anyway. I run four times a week [...] so I
didn't need the support for the exercise.” (Participant 8)

“Well, I didn’t think they would put me in that group, that was
all. Whether they think I'm overweight and need more exercising
[...]1 T was a bit shocked.” (Participant 6)

Participants who found parts of the intervention irrel-
evant were less engaged, only engaging with one aspect
of the intervention as the other aspect was not relevant.
Others who engaged with the content reported it had no
impact on their behaviour.

“I found the reducing stress one helpful. I'm fairly active
anyway.” (Participant 8)

On the other hand, if participants expressed not doing
enough physical activity or being stressed, they were
pleased to be allocated to the behavioural intervention
because they felt the intervention would be relevant and
beneficial, sometimes more so than the nasal spray inter-
vention. These participants also engaged in aspects of the
intervention.

“Oh yes, I was interested in that because I'm slightly overweight
and I thought well, this’ll be good because I can get a bit of infor-
mation on exercises.” (Participant 14)

“Yes, I have just used the step one [goal].” (Participant 12)

CMO configuration 2

If participants were already active, not stressed or felt they
did not need stress management before engaging with the
intervention (C), they felt the intervention advice was not
relevant to them (M) and showed less engagement and
no change in behaviour (O). However, participants who
perceived themselves to not do enough physical activity
or were stressed (C) saw the intervention as relevant and
beneficial (M) and engaged in the intervention (O).

Negativity to physical activity messaging

Some participants expressed they did not have time for
physical activity or that they did not want to do physical
activity. When these participants read the intervention,
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they were ambivalent to the advice provided, stating it
was obvious and common sense and did not teach them
anything new.

“The website often has a lot of blindingly obvious things [...]
I've always hated physical activity.” (Participant 10)

“I think I've got enough information on exercise myself, and I
don't think it actually taught me anything new,” (Participant
11)

These participants also reported less repeated engage-
ment with and less impact from the intervention and may
have been reticent to engage because it stated things they
knew they should be doing.

“Yes, I kind of thought I"ve read it all before. Yes, it didn’t really
make much of an impact with me [...] Nothing I really liked,
nothing to engage me.” (Participant 29)

CMO configuration 3

Participants who felt they did not have enough time for
physical activity or disliked physical activity (C), reacted
negatively or with ambivalence to the message that phys-
ical activity can increase immunity (M) and engaged less
in the intervention (O).

The role of getting active

This theme centred around the role of the getting active
component of the intervention in increasing physical
activity. Four subthemes were identified: understanding
of the importance of physical activity and their activity
levels, using goal setting as motivation to engage in phys-
ical activity, the desire to increase immunity through
physical activity and the expectations of the efficacy of
physical activity on immunity.

Understanding of activity levels

If participants were inactive prior to the intervention,
the intervention highlighted their inactivity, particularly
through the pedometer. These participants reported the
intervention highlighted the importance of doing phys-
ical activity but also allowed them to focus on what they
were doing. These participants also expressed increasing
their activity levels.

“It actually makes you assess how much or how little you were
actually doing of inactivity [...] So what I've started to do now
is go _for walks to try and make sure I get 10000 steps in a day.”
(Participant 2)

“The step counter was amazingly useful, because I had no idea
how little exercise I was doing.” (Participant 4)

CMO configuration 4

If participants were inactive before intervention (C), the
intervention appeared to increase their understanding of
the importance of physical activity and their activity levels
(M) and consequently they reported increased physical
activity (O).

Goal setting as motivation

Some participants reported struggling to overcome obsta-
cles to physical activity. These include poor time manage-
ment and lack of discipline or perceiving physical activity

to be boring. Participants reported that the intervention
helped them overcome their obstacles to physical activity.
In particular, the goal-setting aspect of the intervention
was reported to aid physical activity through increasing
their motivation, providing a clear purpose and target to
reach and accountability. Then progressively increasing
goals provided participants with continual feedback and
a clear sense of progress and achievement.

“It’s quite easy to not do anything, isn’t it really, when you're
on your own [...] but I have realised with that website that you
need to get out and do it.” (Participant 14)

“I just set myself a goal to see if I could keep that up, and I
have.” (Participant 8)

These participants reported frequent engagement in
physical activity and increased activity level; however, not
all participants used the website or pedometer to create,
track and increase their goals.

“I couldn’t use was your pedometer that you sent me. I couldn’t
use it, but I have one of those Fithit watches, so I use that, so I set
my steps by that.” (Participant 24)

“I did actually get more active.” (Participant 11)

CMO configuration 5

For participants who struggled to overcome obstacles to
physical activity (C), goal setting helped motivate and
encourage them (M), which increased physical activity
behaviour (O).

Increasing immunity through activity

Some participants perceived themselves at high risk of
contracting infections and/or serious illness from infec-
tions. When these participants read the digital interven-
tion, they understood the link between physical activity
and immunity. To some of these participants, the link
between physical activity and immunity was clear, whereas
for others, it served as a reminder for them of informa-
tion they already knew.

“I didn’t think that my immune system was affected that much
by my activity before I started the study.” (Participant 34)

These participants stated that this message encouraged
them to increase their physical activity and expressed that
they had used aspects of the intervention and wanted to
continue to engage in the intervention.

“I didn’t realise that exercise can actually help stop you getting
colds and lurgies [infections], so that did encourage me to do
more exercise.” (Participant 11)

Also among these participants, taking preventative
behaviour made them feel more able to fight infection
and less worried about infections.

“It’s given me confidence to not worry about this COVID so
much.” (Participant 5)

CMO configuration 6

If participants perceived themselves at high risk of or from
infection (C), they gained understanding about immu-
nity and physical activity (M), leading to using aspects
of the intervention (eg, pedometer usage), increased
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physical activity, continued engagement in intervention
and reduced worries about infections (O).

Additionally, for participants who perceived themselves
at high risk of and from infection, the website highlighted
the role of infection preventative behaviours. Some of
these participants also expressed making other lifestyle
changes, predominately diet, to try to increase their
immunity.

“I'm thinking more about what we eat in terms of protective
food.” (Participant 3)

CMO configuration 7

If participants perceived themselves at high risk of or
from infection (C), they gained understanding of infec-
tion prevention (M) and made other lifestyle changes to
prevent infection (O).

Expectations of efficacy

Some participants had perceived a link between phys-
ical activity and infection in themselves or others; they
believed that physical activity could improve immunity.
These participants reported engagement in physical
activity

“I guess I believe that by being physically active we’re probably
strengthening our immune system [ ... ] I'm doing: walking, a bit
of running, etc. I do a bit of yoga.” (Participant 31)

However, if participants were active before starting the
intervention and disagreed with the message that physical
activity can increase immunity because of their personal
experience. These participants did not believe that
physical activity could increase immunity, which some
expressed was driven by their previous experiences. These
participants reported no change in behaviour following
the intervention and carrying on with their routine.

“I don’t agree with that [getting active can reduce infections]
[...] Because I keep active anyway [...] I've been active since I've
had the sepsis and pneuwmonia.” (Participant 16)

“No, just carried on with what we were doing.” (Participant
18)

CMO configuration 8

If participants perceive a relationship between physical
activity and infection in themselves or others (C), they
believe physical activity could increase immunity (M),
increasing their physical activity (O). But, if participants
were active before and had not seen the link between
physical activity and immunity (C), they did not believe
physical activity could increase immunity (M), and there
was no change to their physical activity (O).

The role of healthy paths

This theme included four subthemes exploring partici-
pants’ experiences of the healthy paths section of the
intervention. The four subthemes are understanding
the need for stress management on immunity, desire
to improve coping skills, negative expectations of stress
management reducing stress and expectations of the effi-
cacy of stress management on immunity.

Understanding stress management

Some participants had perceived a link between stress and
illness in themselves and/or others. These participants
expressed the need for and importance of stress manage-
ment so as not to compromise their immunity. These
participants also reported engaging in stress manage-
ment techniques from the digital intervention.

“It’s a very good message because I think if you don’t realise
you’re suffering from stress then—but when you actually read
about it, you think yes, that does make sense.” (Participant 2)

“I think I'm more conscious now of taking pre-emptive steps so
as to not get to the point of lowering my immune system’s defence.
1 try to now work on it more.” (Participant 3)

CMO configuration 9

If participants perceived a link between stress and
immunity in themselves or others (C), the intervention
provided an understanding of the need for stress manage-
ment for their immunity (M) and they engaged in stress
management techniques (O).

Desire to improve coping
Some participants shared that they had prior mental or
physical health conditions. Some of these participants
expressed wanting to use stress management to help them
cope with their condition. These participants expressed
engaging in stress management and perceived less stress.
“I think they [website] were useful in getting tips for what
you're doing. They were the sort of things I was trying to do while
having chemotherapy, because it is important not to just sit in a
chair and feel sorry for yourself” (Participant 21)

CMO configuration 10

Some participants who had a prior mental or physical
health condition (C), wanted to improve their coping
skills (M) and used the stress management techniques
(O).

Negative expectations of being able to reduce stress

Some participants attributed their stress to specific prob-
lems. They expressed negative expectations of stress
management as they felt it was challenging to make time
for stress management due to their specific stressors and
as the stress management would not solve the specific
issue causing the stress. These participants did not actively
engage in the digital intervention or stress management
techniques.

“I know full well that I don't spend enough time looking after
myself [...] It’s not always easy to do [...] there’s only 24 hours
in a day, and I can't fit too much more into it.” (Participant
32)

“I don’t think I looked much into it [the website] [...] I think
because there’s been a lot going on in my life.” (Participant 7)

CMO configuration 11

If participants attributed their stress to a specific problem
(C), they did not believe that stress management would
reduce their stress (M) and showed less engagement with
stress management techniques (O).
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Expectations of efficacy
Some participants did not perceive a link between stress
and infections in themselves, particularly participants
who had experienced serious illnesses. These participants
reported they did not believe there was a link between
stress and immunity or fighting infection and also
expressed not changing their behaviour.

“You can be as unstressed as you like, and still get cancer.”
(Participant 21)

“I don’t personally believe that for me those kinds of what you
would call conventional stresses are—have a deleterious effect on
me in terms of infection.” (Participant 10)

CMO configuration 12

If participants did not perceive a link between stress and
infection in themselves (C), they did not believe stress
management increased immunity (M) and showed no
change in stress management behaviour (O).

Benefits of physical activity and stress management
reinforcing behaviour
Some participants who increased their physical activity
levels or engaged in stress management techniques
since starting the intervention reported benefits from
this behaviour change including improved mental and
physical health and fewer infections. Motivated by these
benefits, participants expressed a desire to continue with
physical activity or stress management techniques.

“Yes, I'll continue it, yes [...] Because I think it is helping.’
(Participant 23)

“I have been more active [...] I'm getting less infections now.’
(Participant 33)

4

4

CMO configuration 13

If participants had increased their activity levels and
engaged in stress management techniques since starting
the intervention and had perceived benefits from this
(C); the benefits acted as motivation (M) to continue
physical activity or stress management techniques (O).

DISCUSSION

This study explored participants’ experiences with a
digital intervention aimed at supporting physical activity
and stress management to reduce RTIs as part of the
Immune Defence trial."! '* We aimed to understand the
potential mechanisms through which the digital inter-
vention changed behaviour. Engagement with the inter-
vention was influenced by participants’ attitudes towards
their assigned intervention. Key facilitators for physical
activity included awareness of inactivity, goal setting,
immunity benefits and positive expectations, while nega-
tive expectations were a barrier. For stress management,
facilitators included immunity benefits and improved
coping, with barriers being beliefs that stress manage-
ment would not address root causes or impact immu-
nity. Continued engagement was linked to perceived

benefits. Recommendations for future interventions are
mentioned throughout and presented in table 2.

Intervention allocation

A key factor influencing engagement in the inter-
vention was participants’ views of their allocation to
the behavioural intervention. First, some participants
perceived the behavioural intervention to be less effective
or even as a control. The trial was presented in the adver-
tisement and the information sheet as a way to reduce
RTIs through either a nasal spray, a lifestyle behavioural
intervention or usual care. From this, some participants
perceived the nasal spray as the effective intervention
and the behavioural intervention as the less effective
intervention and were disappointed by their allocation to
the behavioural intervention. This indicates the framing
of a study during recruitment can influence attitudes
and engagement with digital interventions. Therefore,
for future interventions, recruitment materials should
be considered the first step of the intervention and
included in the overall development process® to mini-
mise any negative perceptions, ensuring equipoise for
each intervention. Participants may have also perceived
the behavioural intervention as less effective as it did
not offer new information. Some participants reported
already understanding the connection between physical
activity and immunity and reacting to that message with
ambivalence and negativity, suggesting interventions
need novel information to feel beneficial in line with
previous research.” Participants entered the trial with
varying physical activity and stress levels despite inclu-
sion criteria focusing on being at high risk of RTTs, influ-
encing how relevant they found the intervention. Some
of these participants also perceived the intervention to
be less relevant to them as they already engaged in phys-
ical activity, which has been found in previous research
using getting active.” Therefore, when participants felt
the intervention was relevant and beneficial to them
and conveyed novel information, they reported greater
engagement.

Getting active

In the getting active component of the intervention,
participants’ engagement appeared to be influenced by
positive expectations, aligning with elements of social
cognitive theory.”” Two key contexts emerged: first,
participants who had previously perceived a link between
physical activity and immunity in which their previous
experience may have provided positive expectations of
physical activity on immunity and prompted increased
physical activity. Second, those at high risk of infection, in
which perception of susceptibility likely drove preventa-
tive action, in line with the health belief model.” People
who were at high risk of or from infection also reported
that following the intervention, they engaged in other
preventative behaviour and had reduced worries about
infections. Previous research has found that self-efficacy
over infection predicts greater infection prevention
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Table 2 Recommendations for interventions

Barrier theme Facilitator theme

Intervention aspect

Recommendation

Behavioural intervention was
less effective

Perceived relevance and
benefit of the intervention

Negative expectations of
being able to reduce stress

Expectations of the efficacy

Benefits of physical activity
and stress management
reinforcing behaviour

behaviour™ as well as reduced distress.*® A notable factor
promoting physical activity was the increased awareness
of activity levels, particularly through the use of pedom-
eters, which helped participants understand their inac-
tivity. This mirrors findings in previous interventions
where tracking behaviour encouraged change.g4 There-
fore, future interventions that aim to increase physical
activity should consider including tools to track activity
levels (such as pedometers) to increase awareness of
activity levels. Additionally, goal setting played a crucial
role in motivating participants, helping them overcome
barriers and sustain physical activity. Goals are a central
tenet of social cognitive thf:ory15 and have been consis-
tently associated with greater physical activity.35 The
results suggest that goal setting was an effective aspect
of the intervention that helps increase physical activity,
specifically helping overcome barriers to physical activity.

Healthy paths

Fewer participants engaged with healthy paths than with
getting active, and those who did engaged less consistently.
Expectations of outcomes prompted engagement in stress
management approaches. Future interventions could try
to further enhance positive expectations by highlighting
the positive trial result particularly in terms of physical
activity."" As with getting active, positive expectations were
more common among those who linked stress and immu-
nity. Positive expectations of stress management were also

Recruitment materials

Intervention content

Manage participant expectations
of intervention allocation and
effectiveness through clear
communication during recruitment.

Include participant-facing
documents (eg, advertisement and
information sheets) in the person-
based approach.

It should be acknowledged
acknowledging on allocation

that lifestyle advice may include
information already familiar to many.

Clearly communicate the benefits of
stress management for individuals
facing specific, situational stressors,
emphasising how it can help reduce
emotional distress even though this
does not resolve the situation.

Reinforce positive expectations
by integrating the Immune
Defence trial’s positive results into
intervention messaging.

Highlight a wider range of
behavioural benefits beyond the
primary intervention aims (eg,
mental and physical health).

reported by individuals with previous mental or physical
illnesses as a way of coping with their illness. People with
chronic conditions report poorer mental health,”® which
may increase their perceived need for and expected
benefits from stress management. However, negative
expectations served as a barrier towards stress manage-
ment. Participants who attributed their stress to a specific
situation expressed that engaging in stress management
would not solve their stress. This perhaps indicates a
desire to engage in ‘problem-focused coping’ thatinvolves
addressing the problem (eg, planning strategies to deal
with the stressor), in comparison with ‘emotion-focused
coping’ that involves addressing the emotional distress
(eg, positively reframing the situation).”” Both strategies
can be adaptive and beneficial based on the situation.™
Given this, future interventions should emphasise the
important benefits of managing emotional responses
during stressful events that are beyond an individual’s
control, addressing that while stress management may not
resolve the situation itself, it can help reduce emotional
distress. Lastly, individuals who experienced direct bene-
fits from engaging with the digital intervention’s physical
activity or stress management components expressed a
desire to continue these behaviours, a finding consistent
with previous research on physical activity.39 Importantly,
these perceived benefits were not always related to the
intervention’s primary aim; for example, participants
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reported improvements in mental and physical health
as motivators to continue the behaviour. Therefore, the
intervention could emphasise a wider range of benefits
unrelated to infection (eg, enhanced well-being and
emotional health) which could make the health informa-
tion more meaningful and persuasive to participants.*’

Overall, while the lifestyle intervention was low cost and
scalable, requiring few clinical resources to deliver, greater
focus is needed on supporting motivation to enhance
engagement (see table 2). Future interventions could do
so by managing participants’ expectations of allocation
and effectiveness through clear communication during
recruitment, and by acknowledging on allocation that
lifestyle advice may include information already familiar
to many. They could also reinforce positive expectations
by integrating these encouraging results into messaging
and highlighting a broader range of behavioural bene-
fits beyond the primary aims, such as improvements in
mental and physical health.

STRENGTHS AND LIMITATIONS

First, a limitation of this study is the predominance of
white British women with higher education levels, which
may influence physical activity levels as a result of greater
health literacy or access to engage in physical activity."!
Additionally, the average participant was around 60 years
old and over half held at least a degree (52.9%), which
may also affect engagement with digital interventions. A
recent systematic review found that older adults and indi-
viduals with higher education levels show greater engage-
ment in digital interventions.”” These demographic
factors may limit our findings to more socioeconom-
ically or culturally diverse populations or to those with
lower digital literacy. Although the sample did include a
high percentage of white British women, the sample was
diverse in other aspects such as health conditions, with
84.8% having a health condition; therefore, the interven-
tion and results are applicable to promote physical activity
and stress management in other specific populations who
may have conditions that hinder immunity.

Additionally, as the interventions in the trial were very
different (nasal sprays and the described behavioural
interventions), some participants who were randomised to
the behavioural intervention reported they were already
very active and did not need an intervention to encourage
physical activity. While this was not the intended target for
the digital intervention, it did provide valuable insightinto
how people with varying levels of physical activity engage
with the intervention. Furthermore, only 10 participants
reported engaging with healthy paths, which, although
it provides insights into engagement and adherence to
the intervention, limits the understanding of facilitators
relating to healthy path usage. A strength of this study is
that interviews were conducted across 3 years and three
recruitment seasons, allowing us to capture participant
experiences across varying pandemic contexts, from lock-
downs to no COVID-19 restrictions.

CONCLUSION

In this qualitative process evaluation, we identified
contexts and mechanisms that promoted physical activity
and stress management among participants in a digital
intervention aimed at reducing RTIs. Engagement with
the digital intervention was shaped by initial expectations
of the intervention, perceived relevance and pre-existing
physical activity and stress management behaviours. Phys-
ical activity was driven by expectation on immunity and
behaviour regulation, whereas stress management was
driven by expectation of stress management and immu-
nity. Perceived benefits from initial behaviour shaped
continued engagement in physical activity and stress
management. Based on the findings, we created recom-
mendations to optimise future interventions that could
be tested in different populations such as other condi-
tions that hinder immunity (eg, diabetes). Overall, this
study shows how digital behavioural interventions can
positively influence health behaviours that impact RTIs.
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